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LC Resonator (Lenz's Law) TE 


000 
Capacitor polarity reverses. 
| Current direction reverses. 


ee 
Capacitor fully charged; Capacitor fully Capacitor fully charged; Capacitor fully 
zero current discharged; zero current discharged; 
current maximal current maximal 


Capacitor Capacitor 
discharging; charging; 
I increasing I decreasing 


Capacitor 
discharging; 
I increasing 


E=U,+ Ug E=U,+ Ug E=U,+ Ug E =U, + Ug 
Circuit’s energy all Circuit’s energy all Circuit’s energy all Circuit’s energy all 
stored in electric field stored in magnetic field stored in electric field stored in magnetic field 

(a)t=Oandr=T (b): - iT (t= 57 (d: - iT 


(close switch at t = 0) 


Capacitor charging; / decreasing 
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Helical Resonator d 


1 
gy Ee 
L C y LC 
Higher frequency — smaller L or C 


ຂື 


smaller C — smaller area 


Just the coil itself — resonate L 
(Helical Resonator) C 


Internal capacitance between turns R | 
Can't use coil in very high frequency 


real coil equivalent 
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Cavity Resonator 


S 5 l 
= smaller L — less turns 


even higher f — parallel L 


both E & B resonate inside? 
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High frequency capacitor 


dc—no B 
ac — E & B coexist 


more field strength at center ....etc 


cavity — except tangential E = 0 on the walls, 
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Coupling in and out of cavity 


Wire / connector 

Couple E-field 

Capacitive coupling 

Line up with concentrated E-field to induced V 


Wire / loop 

Couple H-field 

Inductive coupling 

Loop thru H-field to induced current 
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Resonate Frequencies ia 
output 
Sa 
i f 


` many resonants 
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Different modes ht 


some require different coupling mechanisms 
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Rectangular Cavity Resonators | :: 


KB =k; = (=) + =) 
` a b 
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eee 
000o 
00000 
0000 
TE,,,,, modes ose: 
mnp ae 
E, =0 
D .[n . | PT From 
E, ~ sin -Y SI T7] boundary conditions 
S . (mm . ( pr 
E, ~sın| — x |sin| — z 
d d a d 
m,n = 0,1,2.... m & n cannot be both 0 
p =1,2,3... as in the waveguide, 


p cannot be 0 !! 


First cavity mode is TE,,, 


But a, b, d are interchangeable !!!! 
So be careful when labeling the modes!! 
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TMinnp modes TE 
Ee sin ™ x sin J 
i l From 
E dn E ys d d boundary conditions 
a X 


d 
E, ~ in in Pz 
p = 0,1,2,3... p can be 0. 


` o IS 


ae e. 


m,n = 1,2,3.... 


First cavity TM mode is TM,,, 


Again a, b, d are interchangeable !!!! 
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Example ++ 


a 6.75 inches 


a 9 inches 
b 5.6 inches b 6.75 inches 
inches d 5.6 inches 


NIE 

TE/TM111 
| 
EH 
WCS 


1.093611 


TM210 
TE201 


f (GHz) mode 


TE201 
TE/TM112 
TM120 


Same cavity, same set of resonant frequencies. Just different notation. 
Not all modes can be excited. 
The probe connection dictates which orientation is correct !! 
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Cylindrical Cavity Resonators | ::: 


2 
fo k? 4 pr air 
d. d 


e.g. Coke can, a ~ 1.25", d ~ 5" 


TE k, = 1.8412 / 1.25 = 1.473 


2 
ay (=) = 3.01GHz 
2T 5 
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TE, modes FE 


E. 290 


Z 


E, ~ (A cosnp - Bsin np)J, (ko sin 27 d 


E, ~ (A cosno + Bsin np)J, (k.p) sin( 27 d 


d J.(k,,.a) 20 From boundary conditions. 
p =1,2,3... p starts from 1 


First TE cavity mode is TE,,,. 
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TM, mp modes sss 


~ (Acosnp + Bsinnd)J, (k,p) cos (E 
T 


E; ~ (Acosnp + Bsinn$)J, (k,p)sin d 
E, ~ (Acosnp — Bsin np)J, (k,p)sin (5 d 


J, (Kym) = 0 From boundary conditions. 
p=0,1,2.3.... p begins at 0. 


p = 0 means E,and E, = 0 !!! 
And cannot be excited with connector on the sides! 


First TM cavity mode “usually” is TM,,,. 
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Example ++ 


Again, not all modes can be excited. 
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Resonant 


e.g. Coke can, a ~ 1.25”, d ~ 5" 


TE k, = 1.8412 / 1.25 = 1.473 


2 
fur i (1.473) + (=) = 3.01GHz 
2n 5 
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(2.97 GHz Dual Modc | 
Classic Coke Filter 
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Dual Mode Cavity 


e.g. TEjo 


square waveguide 


orthogonal 
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III) 
e THEN 
Perturbation FE 
ee 
e.g. TEjo 
coupled modes 
Use for: 
Circular polarization 
Dual cavity 


Cross-coupled 
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Dual Mode 


TE,,, mode 


Up to 5-modes cavity 
has been demonstrated 
in a spherical cavity. 
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